A national level assessment of metal contamination in bats

Introduction
Materials and methods
Sample collection and processing. The common pipistrelle (P. pipistrellus) bat is widely distributed across Europe, including the whole of the UK. Adult males of the P. pipistrellus (n=190) species and the sibling species P. pygmaeus (n=3) were obtained from sites across England and Wales (Figure 1 , Figure S1 , Table S1 ). Only males were selected since females can transfer metals through lactation (Streit and Nagel, 1993) and therefore, they have a better ability to eliminate the metals compared to males. Adult individuals were selected to maximize the chance of detecting concentrations (above the limit of detection LOD), since Cd and Pb accumulation can increase with age (e.g. in bones for Pb) (Goyer 1996; Ma and Talmage, 2001; Rudy, 2009; Sheffield et al., 2001 ).
All the bats used in this study were selected from an archive of 3,000 bats provided by the Animal Health and Veterinary
Laboratory Agency (AHVLA, Surrey, England, UK). Bats were collected and submitted by bat conservation organizations and members of the public, working under license from Natural England where necessary, in 2008, 2009 and 2010 as part of ongoing UK bat lyssavirus surveillance conducted by the AHVLA Schatz et al., 2013) .
Bats were either found dead or died during rehabilitation, prior to submission. No bats were culled for the purposes of this study. Bats were identified and after lyssavirus screening (for which samples of brain were collected), carcasses were kept in 40% formaldehyde solution (saturated aqueous solution containing up to 40% pure formaldehyde) by the AHVLA. None of the specimens were stored in ethanol. Metal concentration analysis was conducted in 2012.
We selected the bats for analysis to represent the pollution gradient of metals for England and Wales ( Figure S2 ). Data on metal concentrations in soils, from the locations at which the 3,000 bats were found, were acquired from the National Soil Resources Institute (NSRI) soil dataset (5 x 5 km resolution). The NRSI soil data used for this study includes two sets of data: the first set corresponded to samples obtained between 1979 and 1987; and the second for samples obtained between 1994 and 2003. The analytical method of extraction was the same for both datasets. The more recent dataset was used in preference to the older data with the older data only used to fill gaps in the more recent dataset (Hernout et al., 2011) . The subsample of 193 bats was then selected to reflect the frequency distribution of soil metal concentrations across England and Wales (from the NSRI dataset). The frequency distribution of the soil concentrations of the locations in which bats were collected and the frequency distribution of soil concentrations across the area of England and Wales were similar for each metal studied ( Figure S2 ). Bats located in areas with extreme concentrations of metals in soils (high as well as low concentrations) were also included to give a complete spatial coverage across the area of England and Wales ( Figure S2 ).
Individuals were dissected to excise kidneys (n=191), liver (n=191), stomach (with stomach content) (n=168), fur (n=192) and bones (humerus, radius and femurs) (n=192). A small sample of fur was used for this study: 0.14 (±0.19) g of fur (wet weight) shaved using a ceramic scalpel (8.6 X 10 -3 (±5.5 X 10 -3
) g in constant dry weight). We selected the area between the scapulae (approximately a patch 0.5 X 0.5 mm) since this region is usually clipped to allow attachment of the transmitter (see further details in Hernout et al., 2016) . Tissues in poor conservation state or missing (previously extracted) were not analyzed. The tissues were oven dried until constant dry weight, and analyzed for metals by inductively coupled plasma mass spectrometry (ICP-MS).
Aliquots of the preservative solution: formaldehyde (0.5 ml) were also taken to quantify any metal that may have leached from the bat body into the preservative (n=100 aliquots of formaldehyde, from 100 bat individuals). In addition, aliquots of fresh formaldehyde (2 ml), similar to the solution used to preserve our samples, were analyzed to verify whether trace metals are contained in the initial preservative solution (n=5) (36.5 38% solution, Copr. Sigma, contains 10-15% methanol). Prior to analysis, the aliquots were evaporated in the oven, until constant dry weight.
Sample analyses.
Quantification of metal concentrations. Prior to analyses by ICP-MS (using an Agilent 7500ce, Cheshire, UK), dried samples (including the evaporated formaldehyde aliquots) were digested on a hot block at 100°C for 1 hour in 1 ml of nitric acid (Aristar grade reagent, 69% w/v), followed by another hour at 100°C following addition of 0.2 ml of hydrogen peroxide (35% wt). Digests were made up to a fixed volume of 10 ml with Millipore water to obtain a final digest containing 10% acid. Calibration standards were prepared in the same acid matrix.
A constant amount of the internal standards (rhodium and indium) was added to all tubes. Quantification was performed by internal standardization where the analyte signals and the internal standard signals were compared. A calibration curve was used to convert the analyte signal into concentration values. This method determines accurate concentrations and corrects for drift (changes in sensitivity over time) and matrix effects (sample-related changes in sensitivity).
Quality assurance and quality control. Each analytical batch contained 1 spike, 4 blanks and 2 certified reference materials (bovine liver BCR 185R and spinach NCS ZC73013 concentrations below the LOD were replaced by an estimated value using the log-probit regression method (Helsel 1990; Sinha et al., 2006) , implemented by the US EPA in the software ProUCL 5.0.00 (Singh and Maichle, 2013) . Around 31, 0.1, 6 and 7% of the data were below DL for Cd, Cu, Pb and Zn, respectively.
Metal concentrations (Cd, Cu, Pb and Zn) in bat tissues, formaldehyde aliquots, and soil were not normally distributed (Shapiro-Wilk test: p <0.05) (Table S2 ) and were ln-transformed prior to analysis. Thus, concentrations of each metal in different tissues were compared using ANOVA tests and t-tests. Concentrations of different metals across the same tissues were compared using t-tests. To determine the strengths of the associations between metal concentrations in the different tissues; between metal concentrations contained in the formaldehyde aliquot versus the tissues; and between metal concentrations contained in the soil versus the tissues, we used Pearson correlation tests.
Concentrations of metals in bat tissues were compared across the years in which the bat were found dead (2008, 2009 and 2010) using ANOVA tests and t-tests, and the concentrations were compared across bat species (P. Pipistrellus versus P. Pygmaeus) using ANOVA tests. As multiple statistical tests were applied, the p-values were adjusted using the Holm-Bonferroni method. Level of statistical significance was set to 0.05 (after adjustment of the p-values). The number of pairs (n) across the associations was not equal since tissues in a poor conservation state or missing (previously extracted) have not been analyzed. Data analyses were performed with the software R version 2.12.1 (R Development Core team, 2012).
We compared concentrations in liver and kidney with previously derived critical toxic threshold concentrations for toxic metals (Pb and Cd) and with lower and upper level concentrations for essential trace metals (Cu and Zn) ( Table 1) . To be able to compare our results with previous studies (Lüftl et al., 2003; Pikula et al., 2010) , we assumed that concentrations expressed in dry weight were four times higher than wet weight values, as commonly used in the literature (Clark and Shore, 2001 ). The critical toxic levels for Pb and Cd were associated with structural and functional kidney damage (Chmielnicka et al., 1989; Ma, 2011) . Critical toxic threshold in various tissues of wildlife mammals are not well documented and therefore, we focused the comparison with toxicity data on kidney and liver, which are the most illustrated organs regarding toxic thresholds of metals for species of wild mammals. Little is known on the association of tissue residues and the effects on the reproduction and population level effects in small mammals. By definition, there is no critical toxic threshold for essential trace metals, but the upper level of metals in small mammals has been proposed for use in risk assessment. It is important to highlight that upper levels are not to be considered as toxic levels, but can
give valuable information to compare our results. The Cu upper range was provided from a review of numerous studies on shrews, voles and mice, whereas the Zn data came from a more limited dataset (Ma and Talmage, 2001; Schleich et al., 2010) . There is little information about the health effects on small mammals induced by a deficiency of essential metals (concentrations below the lower range) (Clark and Shore, 2001; Ma and Talmage, 2001; Sheffield et al., 2001) . Figure S1 , Figure S2 ). Median concentrations of the different metals in the analyzed bat tissues were significantly different for kidneys (ANOVA F (3, 753) =918.2, p < 0.05), liver (F (3, 744)= 733.9, p < 0.05), stomach (F (3, 658) = 929.2, p < 0.05), fur (F (3, 761) = 774.4, , p < 0.05) and bones (F (3, 754)= 1018, p <0.05)), and were highest for Zn, followed by Cu, Pb, and Cd (except for fur and bones for which Pb concentrations were higher than Cu concentrations, Figure 2C and Figure 2B ) (Table 1, Figure 2 ). Post-hoc tests revealed significant differences in the concentration of each metal among most pairs of tissue types compared (except for Pb: kidneys and stomach, liver and stomach, bones and fur ( Figure 2C) ; Cu: kidneys and stomach, liver and stomach ( Figure 2B ); Zn: kidneys and liver, kidneys and stomach, liver and stomach ( Figure 2D ); Cd: kidneys and liver, kidneys and stomach, liver and stomach (Figure 2A ) (Table 2 ). For a given tissue, there were significant differences in the concentrations of different metals (Table 3) .
Results
Metal
Generally, the concentrations of metals in different types of bat tissues were positively correlated with each other for the same metal (except for kidneys and bones, liver and bones for Cd and Cu; kidneys and bones, liver and fur for Pb;
and kidneys and stomach, kidneys and fur, liver and stomach, liver and fur for Zn, for which the correlations were not significant) (Table 2) . However, for Pb in liver and bones, and for Zn in kidneys and bones, and in liver and bones, the correlations were negative ( Table 2 ). The concentrations of Pb were particularly positively correlated between tissues T T 0.65) were between liver and kidneys (for Cd, Cu and Pb), and for Pb between: stomach and fur, and fur and bones ( Table 2 ). The concentrations of different metals were also positively correlated within the same tissue (Table 3 ). The strongest associations between metals (r >0.50) occurred for Cd and Zn (in kidneys, liver, fur and bones), Cu and Zn (in kidneys, liver, stomach, fur and bones), Cd and Pb (in kidneys, liver and bones), and Pb and Zn (in liver and bones) ( Table 3) .
While the bats were selected based on a gradient of soil pollution of metals across England and Wales ( Figure S2 ), we did not find significant correlations between concentrations of metals in soil from locations where the bats had been collected and in bat tissues (Table 4 , Figure S3 ). The exception was for Zn with a positive correlation for kidneys, although this association was not strong (r= 0.16) ( Table 4 ).
Interspecies differences were found for concentrations levels of Pb in fur (286 ± 1537 versus 5558 ± 7150 µg/g dw for P. (Table S3 ). However, it was not possible to distinguish a trend of variation of metal across time based on our results since the concentrations were increasing as well as decreasing over time (Table S3) . Figure 1 , Figure 2 ). Pb was the most toxicologically important metal since 7-11% of the bats had concentrations high enough to illicit structural damage and physiological effects, for kidneys and liver, respectively ( Figure 2C ). The range of values in bats above the upper limit was 4-9% for Cu and 0.5-5.2% for Zn, for kidneys and liver, respectively ( Figure 2B , Figure 2D ). Concentrations of Cd in tissues of all bats were well below toxic thresholds ( Figure 2A ). Comparisons with the lower level of essential metal measured in other small mammals (Table 1) indicate that 79% and 91% of the bats had concentrations of Cu lower than these levels in kidneys and liver, respectively; and that 94% and 92% had concentrations of Zn lower than these levels in kidneys and liver, respectively.
Discussion:
Metal concentrations. Considering the median values for all metals, our measured tissue concentrations were generally lower than in other studies, except for the concentrations of Pb and Zn reported in bats sampled from the Czech Republic (Table 1 ). This could be explained by the partial leaching of metals in our storage solution as discussed in further detail below. The commonly observed order of median concentrations of the different trace metals in small mammals is Zn > Cu > Pb > Cd, in particular for kidneys and liver (Cooke, 2011; Ma and Talmage, 2001) , was also seen when metals were ranked based on median measured concentrations (based on kidney, liver and stomach samples) (Table 1 , Figure 2 ). The median concentrations of Pb were higher than the concentrations of Cu in fur and bone (Table 1 , Figure 2C , Figure2B). Bats obtained from SW England in our study (renal median concentrations of 0.04, 11.30, 0.59 and 15.32 µg/g dw for Cd, Cu, Pb and Zn, respectively, n=5 in our study) also had lower median concentrations than those reported in Walker et al. (2007) . Our maximum Pb concentrations were associated with areaswhere soil was highly contaminated with Pb, i.e. the Pennines, which comprises Pb bearing deposits that were extensively mined in the past ( Figure S3 ). The high values of Pb concentrations (>1000 µg/g dw) (Table 1 ) might have resulted from an external contamination occurring previously or during the analysis (e.g. contact of the scalpel with metal or metal dust in the lab facilities during analyses). However, these high concentrations of Pb found in liver and fur did not occur for the same individuals, and not within the same batch run through the analysis. In addition, our quality assurance provide confidence and assurance of data quality, and we therefore, did not exclude these data from our dataset.
Patterns of concentrations of metals observed in different tissues in our study may be explained by different physiological and kinetic processes involved with the uptake, accumulation and excretion of different metals. The interpretation of our results could be explained as the different tissues may reflect different exposure time periods.
Concentrations of individual metals across tissues were correlated, particularly for Pb (Table 2) . Thus, our data suggest that the metal intake by the bats in the UK was due to both recent (e.g. stomach contents), as well long term exposure (kidneys, liver, fur and bones), especially for Pb which has been shown to reach a steady-state in kidneys in late subadult stage of other mammals (e.g. shrews) and has a long half-life in bones (around 10 to 30 years) (Ma, 2011) . Kidneys, therefore, represent a valuable indicator for exposure of bats to non-essential metals (Cooke, 2011; Ma, 2011) . Fur can represent a valuable less-invasive proxy for endogenous metals contamination monitoring (Hernout et al., 2016; Little et al., 2015) , although cautious interpretation is during the time of formation of the fur. Therefore, the moulting cycle is an important factor to consider (Fraser et al., 2013) . A discussion of the use of fur samples as a proxy to monitor metal contamination has recently been reported elsewhere (Hernout et al., 2016) . In addition, our positive correlations may be helpful for further analysis with a limited selection of the type of tissues to provide reasonable estimations of the relative concentrations present in other tissues.
Concentrations of the essential metals, which are homeostatically controlled in mammals, measured in our study (Table   1) were lower than the average range observed in kidneys and liver of other mammals such as shrews and moles for Cu (20-30 µg/g dw) and in kidneys and liver for shrews for Zn (71-204 µg/g dw) (Ma and Talmage, 2001 ). This might have been due to a low dietary intake in bats, as well as some antagonist effect with other metals altering essential metal regulation and absorption or due to leaching into the preservative which is discussed below (Sheffield et al., 2001 ).
Mean (±sd) metal concentrations in soil for England and Wales were 0.67 (±0.98), 22.4 (±36.8), 73.3 (±281) and 88.48 (±103) µg/g dw for Cd, Cu, Pb and Zn, respectively. The values were two to five times lower than mean concentrations in other European countries and in North America (Lado et al., 2008; Shacklette and Boerngen, 1984; Smith, 2005) . These differences in exposure across countries may explain some of the discrepancies between our measured concentrations and those in other studies (Lado et al., 2008; Shacklette and Boerngen, 1984; Smith, 2005) . In addition, our comparison between metal concentrations in soil and in bat tissues were not correlated (Table 4) . These non-significant linear correlations can be explained by the multiple drivers of contamination through the food chain. Bats forage in multiple habitats and on various prey items, such as: terrestrial and emerging invertebrates (e.g. Diptera, Chironomidae), and are therefore exposed to heterogeneous sources of contamination, such as lake sediments (Currie et al., 1997; Hernout et al., 2013; Hernout et al., 2015) . Modeling exercises have shown the importance of prey items in driving the risks of metals to bat health through the food chain (Hernout et al., 2013; . Some studies have investigated the associations between the exposure of metals of wild mammals and the environmental biotic factors influencing the uptake, such as pH and organic matter content, but only on a gradient from point sources of pollution (Ma and Talmage, 2001; Sheffield et al., 2001) . However, such studies are lacking on a larger scale. A recent study has shown associations between freshwater acidity and mercury concentrations contained in bat fur (Little et al., 2015) , and such studies on a larger scale are therefore to be encouraged.
Formaldehyde as a storage solution. Our lower levels of metals determined in bat tissue compared to other studies (Table 1) can be partially explained by the leaching of metals into our storage matrix, especially for Cu (Table 5) (Table S3 ).However, our comparisons are based on a small sample size of fresh formaldehyde, and formaldehyde aliquots for bats preserved in 2008 and 2009 (Table S3) .
Formaldehyde is a widely used fixative solution for museum collections, and therefore, a large number of specimens are available for endogenous contaminant analysis (Campbell and Drevnick, 2015) . These collections have the potential to considerably improve our knowledge on environmental chemistry and the variations of exposure across time (Campbell and Drevnick, 2015) . Interestingly, only a few studies have documented the potential effects of the preservative solution on the interpretation of metal analysis. The potential leaching of metals has been illustrated for invertebrate tissues (for Cu), samples of antelope species (for Cu), and human brains (for Cd) (Gellein et al., 2008; Hendrickx et al., 2003; Quan et al., 2002) . The leaching was found to be strongly time dependent (Gellein et al., 2008) . The leaching is a complex function: tissues containing high levels of metals showed a small leaching process, while other tissues containing low levels of metals readily leached out (Gellein et al., 2008) . In our study, whereas positive relationships were found between the concentrations of non-essential elements and Cu in the formaldehyde aliquot and in tissues, it is not possible to derive a correction factor to adjust our metal concentrations in the bat tissues. The potential leaching of Cu could be explained by the binding of Cu to dissolved organic matter, which could be present in the preservative solution (Craven et al., 2012) . In addition, metals bind to sulfhydryl proteins, particularly Pb, in biological tissues (Flora et al., 2012) . The pH is a factor influencing the dissociation and the binding of metals. Formalin may oxidize to formic acid and lower the pH of the solution, resulting in an extraction of metals from the biological samples into the preservative medium (Simmons, 2014) .
Whereas the potential extraction of metals into the preservative solution may occur, others studies have presented contradictory results regarding the potential effects of the solution. No differences were found between the concentrations of Cu, Zn and Cd samples preserved in formaldehyde and fresh or frozen samples of bovine liver (for Cu and Zn) and human tissues (for Cd, Cu and Zn) (Bischoff et al., 2008; Bush et al., 1995; Theron et al., 1974) .
Concentrations of Cd, Cu, Pb and Zn increased in samples preserved in formaldehyde compared to frozen specimens in Isopods (for Cd, Pb and Zn) and fish tissues (for Cd and Cu) (Gibbs et al., 1974; Hendrickx et al., 2003) . The dissolution of tissues stored in formaldehyde resulted as a decrease of the dry weight of the samples, and thus an increase of metal concentrations was determined in the invertebrate tissues (Hendrickx et al., 2003) . However, formaldehyde did not alter the weight and dry weight in invertebrate samples in another study (Knapp, 2012) . where the authors concluded that there is no evidence that the formalin was contaminated. As a conclusion, our metal concentrations may be slightly underestimated due to leaching in the preservative solution, however, we believe that our large dataset provides conservative information comparable with previous studies, such as Walker et al. (2007) , and a unique and valuable dataset.
Metal toxicity. The percentage of bats in which concentrations of metals exceeded toxic thresholds suggest that a significant proportion of the bat population in England and Wales may be affected by metal exposure. Laboratory-based studies indicate that the concentrations we observed in bat tissues could cause damage to the kidneys of small mammals (Ma and Talmage, 2001) . It is important to highlight that these toxicological data were extrapolated from various rodent test species which might not totally reflect toxicity to bats. For example, other insectivorous mammals, such as shrews, have been shown to be more tolerant to metals than rodents (Ma and Talmage, 2001 ). While few data are available on the effects of metals in bats in the wild, studies in Australia and France have suggested that Pb exposure can cause mortality in individual bats, although the direct sources of contamination and the impact on a population level were not shown (Carravieiri and Scheifler, 2013) . Lethal effects and reduced body weight associated with renal residues of 225 µg/g dw of Pb have been illustrated on shrews (Pankakoski et al., 1994) . These levels were found in two individuals in our study. Our comparison with levels associated with kidney damage suggests that a large number of individuals could have suffered sub-lethal effects.
In considering the toxic effects of metals, it is important to recognize that the bats are exposed to a mixture of metals.
Studies of metal mixture interactions for small mammals have produced contradictory results, thus, it is difficult to interpret our data in terms of the potential toxicological effects of the mixtures of metals measured in our bats. For example, different metals can have additive, synergistic and antagonistic interactions depending on a number of variables including the type of metals involved and their relative concentrations (Beyer, 2004; Oestreicher and Cousins, 1985) . For example, exposure to Pb and Cd is likely to cause increased kidney damage. However, some metals have antagonistic effects such as that displayed by Cu and Zn (Oestreicher and Cousins, 1985) . Essential metal deficiency, which could arise from a low dietary intake or if a non-essential metal out-competes an essential metal for a key binding site in a tissue, can also be associated with health effects, such as: slow growth, anemia, impaired immune response, central nervous system histopathology (Eisler, 2000) . For example, Zn can cause toxicity through inducing deficiencies in other essential metals, particularly Cu (Beyer, 2004; Sheffield et al., 2001) . The large percentages of bats presenting lower concentrations of essential metals than the lower levels measured in other small mammals may indicate a deficiency. However, our results are in concordance with the study of Lüftl et al. (2003, cited in Carravieiri and Scheifler, 2013) where metal residues in Pipistrellus pipistrellus tissues were measured, and showed minimum values of Cu and Zn below the lower levels measured in other small mammals. Further research is needed about the possible deficiency of essential metals in insectivorous bats. The associations found for different metals in the same tissue suggest a coexposure of metals to bats with highly correlated concentrations of metals: Cd and Pb, Cd and Zn, Cu and Zn, and Pb and Zn (Table 3) . These metals may have the same transfer pathways, diet or habitat contamination (Walker et al., 2007) .
Importance of metals in the context of declining bat populations. A substantial proportion of the bats contained residues of metals high enough to cause toxicity, in terms of health effects associated with kidney damage. Bats are exposed to a large range of environmental stressors (e.g. climate change, white nose syndrome in North America) (Sherwin et al., 2013; Blehert, 2012) , thus a better understanding of stressor interactions could be beneficial to bat conservation. Further research is needed on the potential connections between metal levels and population declines and the importance of metal pollution among other factors. Alongside other factors, metal exposure could be an additional stressor involved in the continuing decline in bat populations observed in countries with a legacy of mining and heavy industries. Further studies could investigate the importance of metal pollution on bat population dynamics by using long term capture-recapture monitoring dataset. This study has focused on analysis of adult males of only two sibling species. It is likely that metal concentrations (and hence toxicity) will be different in females and juveniles and in other species. Further spatial studies could also investigate whether the habitat could induce differences in metal accumulation and consider various sources of metal pollution, such as water and sediments. Metals may interfere with the normal functioning of the immune system and increase the prevalence of parasites or wildlife infectious diseases (Bichet et al., 2013; Gasparini et al., 2014) . Therefore, research on the potential interactions between environmental pollution and bio-contamination are also to be encouraged. In a context of diverse environmental stressors affecting wildlife populations, our analytical studies show the importance of metal contamination as an additional stressor to bat populations.
Anthony, E.L.P., Kunz, T. were used to evaluate the strength of these associations. As multiple statistical tests were applied, the p values were adjusted using the Holm-Bonferroni method. Asterisks (*) indicates significant correlation (p<0.05) (after correction);
(ns) indicates a non-significant correlation; and (n) indicates the sample size. tissue. The post hoc t-test (F) was used to explore these P these associations. As multiple statistical tests were applied, the p values were adjusted using the Holm-Bonferroni method. Asterisks (*) indicates significant correlation (p<0.05) (after correction); (ns) indicates a non-significant correlation; and (n) indicates the sample size. Table 4 : Relationships between concentrations of metals in the soil and bat tissues (kidneys, liver, stomach, fur and P o evaluate the strength of these associations. As multiple statistical tests were applied, the p values were adjusted using the Holm-Bonferroni method. Asterisks (*) indicates significant correlation (p<0.05) (after correction); (ns) indicates a non-significant correlation; and (n) indicates the sample size used for the correlations. Table S1 : Geographical coordinates of bats collection points in WGS84 format (degrees minutes). (µg/g dw for organs and tissues and µg/L dw for the formaldehyde) of the different metals (Cd, Cu, Pb and Zn) for a given sample type within the different years in which the samples were found. The post hoc t-test (F) was used to explore these differences. As multiple statistical tests were applied, the p values were adjusted using the HolmBonferroni method. Asterisks (*) indicates significant correlation (p<0.05) (after correction) and (n) indicates the sample size. Table S3 : Descriptive statistics (mean and standard deviations) and differences (post-hoc t-test) between concentrations (µg/g dw for organs and tissues and µg/L dw for the formaldehyde) of the different metals (Cd, Cu, Pb and Zn) for a given sample type within the different years in which the samples were found. The post hoc t-test (F) was used to explore these differences. As multiple statistical tests were applied, the p values were adjusted using the Holm-Bonferroni method. Asterisks (*) indicates significant correlation (p<0.05) (after correction) and (n) indicates the sample size. 
Supporting information captions
